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THE I D E N T I F I C A T I O N  OF EXCITED SPECIES I N  ARC JET FLOW 

Ronald 3 .  W i l l e y  

Department o f  Chemical Engineer ing 
Northeastern U n i v e r s i t y  

Boston, Massachusetts 

Ass i s t a n t Professor  

ABSTRACT 

Spectrographic  work done a t  t h e  Atmospheric Reentry M a t e r i a l  and S t r u c t u r e s  

F a c i l i t y  (Arc  J e t )  l o c a t e d  a t  t h e  Johnson Space Center has l e d  t o  t h e  

i d e n t i f i c a t i o n  o f  severa l  e x c i t e d  molecular  and atomic s t a t e s .  The e x c i t e d  
2 

molecu la r  s t a t e s  i d e n t i f i e d  are :  

second p o s i t i v e  n i t r o g e n  system (C%$ B TT ),  f i r s t  negat ive  n i t r o g e n  system 

(Bf,'$ 

system of OH (A3$$ X2'T). 

f i r s t  p o s i t i v e  n i t r o g e n  system ( B % $  A X  j ,  
3 

2 X2Z g ) ,  t h e  system f o r  n i t r i c  o x i d e  ( A 2 E : 2  X T )  and t h e  306.4 nm 

Exci ted atoms i d e n t i f i e d  were n i t r o g e n ,  oxygen, 

hydrogen, s i l i c o n ,  copper, sodium, barium, potassium, and calc ium. The l a t t e r  

f i v e  a r e  considered contaminants. Exc i ted  molecu la r  s t a t e s  o f  oxygen were n o t  

seen, suggest ing  f u l l  d i s s o c i a t i o n  o f  oxygen molecules t o  oxygen atoms w i t h i n  t h e  

a r c  column and nozzle. F u r t h e r ,  evidence e x i s t s  t h a t  0- may be present  s i n c e  a 

background continuum i s  seen, and because o f  t h e  e x i s t e n c e  o f  p o s i t i v e  species 

( f i r s t  n e g a t i v e  system o f  N2+). 

enhanced by t h e  use o f  a P e r k i n  E lmer  PDS Microdensi tometer ,  and by t h e  

I n t e r p r e t a t i o n  o f  spec t rograph ic  p l a t e s  was 

a p p l i c a t i o n  o f  a second o r d e r  l e a s t  squares r o u t i n e  which determined wavelength 

as a f u n c t i o n  o f  p l a t e  l o c a t i o n .  Resul ts o f  t h i s  work w i l l  u l t i m a t e l y  improve 

models used i n  t h e  c a l c u l a t i o n  o f  heat t r a n s f e r  r a t e s  t o  t h e  Space S h u t t l e  and t h e  

aerobrak ing  o r b i t a l  t r a n s f e r  vehic les.  

Center Research Advisor :  Dr .  C a r l  Scott  
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INTRODUCTION 

. 

It has been recognized t h a t  c a t a l y t i c  recombinat ion o f  atoms on spacecra f t  

sur faces  a f f e c t s  t h e  heat  f l u x  d u r i n g  atmospher ic r e e n t r y  ( S c o t t ,  1982, and 

Breen e t  al., 1973). Current  heat f l u x  p r e d i c t i o n s  account f o r  chemical heat 

f l u x  by recombinat ion c o e f f i c i e n t s  f o r  ground s t a t e  atoms t o  ground s t a t e  

molecules ( S c o t t ,  1981 a & b)  and have g r e a t l y  improved p r e v i o u s  p r e d i c t i o n s .  

Al though measured heat  t r a n s f e r  r a t e s  on t h e  fo rward  fuse lage agree w i t h  

ca l  cu l  a t i o n s ,  rearward vehi  c l  e heat  t r a n s f e r  r a t e s  under p r e d i c t  observed 

temperatures by as much as 160 K O .  To account f o r  low rearward p r e d i c t i o n s ,  i t  

has been hypothesized t h a t  energy i s  c a r r i e d  from t h e  fo rward  s e c t i o n  of  t h e  

v e h i c l e  by e x c i t e d  molecules and atoms. The e x c i t e d  species then shed t h e i r  

e x c i t a t i o n  energy a t  rearward p o r t i o n s  o f  t h e  v e h i c l e  as they  r e l a x .  

It i s  t h e  purpose o f  t h i s  work t o  determine what e x c i t e d  species e x i s t  i n  

a f l o w  environment s i m i l a r  t o  spacecra f t  reent ry .  

EXPERIMENTAL 

Experiments were conducted a t  the  NASA Lyndon B. Johnson Space Center 

(JSC) 10-MW a r c  tunne f a c i l i t y .  More s p e c i f i c a l l y ,  exper iments were 

conducted i n  Test Pos t i o n  No. 2 which c o n s i s t s  o f  a 5-MW a r c  heater ,  and a 

2.44 m d iameter  chamber. Typica l  chamber pressures a r e  60 t o  100 Pa. A 

3.175 cm diameter  t h r o a t  was used w i t h  one o f  two e x i t  nozz les o f  19.05 cm and 

63.50 cm d iameters r e s p e c t i v e l y .  

2 



Spectra were measured i n  t h e  shock l a y e r  o f  t h r e e  t e s t  a r t i c l e s ,  an RCC 

( r e i n f o r c e d  carbon-carbon) puck, an HRSI ( h i g h  temperature reusab le  s u r f a c e  

i n s u l a t i o n )  wedge, and an RCC wedge, i n  one of  four  gas mix tu res .  

m i x t u r e s  were: 

of a i r ;  N2 on ly ;  O 2  i n  argon w i t h  a mole r a t i o  o f  O2 t o  argon e q u i v a l e n t  t o  

t h a t  o f  O2 t o  N2 i n  a i r ;  and argon only .  

comb n a t i o n s  are g iven i n  Table 1. 

cond t i o n s ,  c o n d i t i o n s  i n  which no t e s t  a r t i c l e  was present .  

The f o u r  gas 

( a i r )  w i t h  a mole r a t i o  o f  O2 t o  N2 e q u i v a l e n t  t o  t h a t  O2 i n  N 2 

Test a r t i c l e  and gas m i x t u r e  

Spectra were a l s o  taken o f  f r e e  stream 

A t y p i c a l  run c o n d i t i o n  f o r  t h e  19 cm e x i t  nozz le  c o n s i s t s  o f  a r c  power a t  

1.41 MW w i t h  i n l e t  gas f l o w  r a t e s  a t  0.0105 kg/sec f o r  O2 and 0.0355 kg/sec f o r  

Under these c o n d i t i o n s ,  t h e  e x i t  gas f rom t h e  nozz le  has an en tha lpy  o f  N2 
13.3 MJ/kg and a p i t o t  p ressure  o f  2.54 kPa. 

16.1 MJ/kg f o r  a i r  and N2 c o n d i t i o n s .  

ob ta ined f rom t h e  JSC a r c  tunne l  f a c i l i t y .  

The range o f  en tha lpy  was 11.5 t o  

F u r t h e r  d e t a i l s  o f  run  c o n d i t i o n s  may be 

Spectra were measured w i t h  a McPherson Model 216.5 0.5 m combinat ion 

scanning monochromatic spect rograph and polychromator.  

species i d e n t i f i c a t i o n  was done by e v a l u a t i o n  o f  s p e c t r a  recorded on 

spect  rograph i  c p l  ates.  

260, 380, 500, 620, and 740 nm on Kodak Type 103-0 (260 and 380 nm 

wavelengths),  Type 103-F (500 and 620 nm wavelengths),  and Type 1-N (740 nm 

wavelength) spect rographi  c p l a t e s .  

wavelengths, thus t h e r e  was some o v e r l a p  a t  each s e t t i n g .  The spec t rograph 's  

ent rance and e x i t  s l i t s  openings were s e t  a t  10 microns. S l i t  h e i g h t  was s e t  

a t  4 mm f o r  both s l i t s .  Exposure t imes v a r i e d  w i t h  c o n d i t i o n s  s t u d i e d ,  

however, t y p i c a l  t imes w i t h  a t e s t  a r t i c l e  i n  p l a c e  were 2 and 25 seconds f o r  

The m a j o r i t y  o f  t h e  

Spectra were taken a t  f i ve c e n t e r i  ng wave1 engths o f  

Each p l a t e  spanned approx imate ly  140 nm o f  

3 



a l l  c e n t e r  wavelengths except 740 nm, i n  which 10 and 100 seconds were used. A 

440 nm l o n g  wavelength band pass c u t - o f f  f i l t e r  was used f o r  wavelengths above 

440 nm t o  prevent  t h e  low wavelength second o r d e r  l i n e s  f rom appear ing on t h e  

p l a t e s .  

Wavelength c a l i b r a t i o n  of t h e  p l a t e s  was done by t a k i n g  spec t ra  o f  

s p e c t r a l  c a l i b r a t i o n  lamps. Lamps used were mercury f o r  260, 380, and 500 nm 

c e n t e r l i n e  wavelengths, neon f o r  620 and 740 nm, and argon f o r  740 nm. A xenon 

lamp was o v e r l a i d  t h e  mercury 500 nrn c a l i b r a t i o n  t o  p r o v i d e  some a d d i t i o n a l  

l i n e s  i n  t h i s  wavelength range. 

The spect rograph was a l s o  s e t  up as a scanning monochromator and used w i t h  

Using t h e  spectrograph s u c c e s s f u l l y  i n  t h i s  mode, may save l i m i t e d  success. 

t i m e  i n  species d e t e r m i n a t i o n  s i n c e  p l a t e  development t i m e  w i l l  be e l i m i n a t e d .  

F i g u r e  1 i s  t h e  c u r r e n t  equipment arrangement f o r  t h e  scanning monochromator 

mode. 

Species I d e n t i  f i c a t i o n  Procedure 

Speci es i dent  i f i c a t i o n  was accompl i shed by t h r e e  approaches : compari son 

o f  p l  a tes,  wave1 ength d e t e r m i n a t i o n  by a hand operated m i  crometer, and 

wavelength de terminat ion  by a microdensi tometer.  The f i r s t  approach, 

comparison o f  p l a t e s  , worked very  we1 1 . 
By t a k i n g  spec t ra  a t  c o n d i t i o n s  o f  a i r ,  pure n i t r o g e n ,  pure argon and 

oxygen/argon feed mix tu res ,  molecular  bands cou ld  be separated and i d e n t i f i e d .  

An example would be t h e  comparison o f  s p e c t r a  f o r  t h e  t h r e e  c o n d i t i o n s  o f  pure 

n i t r o g e n ,  oxygenlargon, and a i r .  Inspec t ion  o f  these t h r e e  t o g e t h e r  would show 

molecu la r  bands due t o  n i t r o g e n  only ,  mo lecu la r  bands due t o  oxygen o n l y  (none 

were de tec ted  i n  t h i s  work),  and f i na l l y  molecu la r  bands due t o  n i t r o g e n  and 
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oxygen t o g e t h e r  (most n o t a b l y  NO bands). Atomic l i n e s  due t o  oxygen o r  

n i t r o g e n  atoms could a l s o  be separated by t h e  same procedure. 

p a r t i c u l a r  molecular  band o r  a tomic l i n e  had been i d e n t i f i e d ,  o v e r l a y i n g  t h e  

Once a 

p l a t e  w i t h  t h e  known band o r  l i n e  over  a p l a t e  w i t h  an unknown band o r  l i n e ,  

a1 lowed a comparison and v e r i  f i  c a t i o n  of an e x c i t e d  species presence o r  

absence. 

lamp s p e c t r a  on each p l a t e .  

Alignment o f  o v e r l a i d  p l a t e s  i s  checked by a l i g n i n g  t h e  c a l i b r a t i o n  

Wavelength d e t e r m i n a t i o n  by a hand operated micrometer was done by 

f i n d i n g  X- loca t ion  i n  inches o f  v a r i o u s  a tomic  l i n e s  on a p l a t e .  

procedure requ i red  knowledge o f  a t  l e a s t  one known l i n e  i n  a spectrum and a 

The 

p l a t e  "equat ion"  o f  t h e  form. 
2 Y = bo + blx + b2 x 

Y = wavelength i n  nm 

x = micrometer read ing  i n  inches 

where 

bo, bl, b2 = constants  

The constants ,  bo, bl, and b2, were determined by u s i n g  t h e  c a l i b r a t i o n  lamp 

spectrum w i t h  known a tomic  l i n e s  and p l a t e  l o c a t i o n s .  F u r t h e r  d e t a i l s  o f  t h e  

procedure a r e  presented below under t h e  d e s c r i p t i o n  o f  t h e  microdensi tometer .  

With a spectrum p o s i t i o n e d  p r o p e r l y  ( t h e  known l i n e  l o c a t e d  such t h a t  i t s  

micrometer l o c a t i o n  gave t h e  c o r r e c t  wavelength i n  Equat ion ( 1 ) ) ,  o t h e r  

unknown atomi c 1 ines  and band head l o c a t i o n s  c o u l d  be measured and assigned a 

wavelength by Equation (1). 

Wavelengths cou ld  then be compared t o  known wave1 engths f o r  e lemental  

a tomic l i n e s  or mo lecu la r  bands g i v e n  i n  t h e  M I T  Wavelength Table o r  Pearse 

5 



(Pearse, 1965). 

an e x c i t e d  species t o  t h a t  p a r t i c u l a r  wavelength was made. 

Based on a s u i t a b l e  match, and some i n s i g h t ,  an assignment o f  

Wavelength d e t e r m i n a t i o n  by microdensi tometer  scans were s i m i l a r  t o  t h a t  

used f o r  t h e  hand operated micrometer. I n  t h i s  approach, t h e  

microdensi tometer  5 i s  scanned across a spectrum, r e c o r d i n g  image d e n s i t y  on a 

n i n e - t r a c k  tape. The process, a l l  automated by a D i g i t a l  PDP 11/05 

microcomputer, r e q u i r e d  i n p u t  o f  t h e  d e s i r e d  p i x e l  s i z e  ( i n  mic rons) ,  t h e  s t e p  

s i z e ,  t h e  number o f  p i x e l s  i n  one scan, and scan mode. Data are  then recorded 

s e q u e n t i a l l y  on a n ine - t rack  tape by scan (each scan represented a record  o f  

da ta) .  

scanned and which h a l f .  

p i x e l  a t  a 10 micron s t e p  i n  t h e  X - d i r e c t i o n  f o r  5000 p i x e l s  and a 6000 mic ron  

( 6  m) s tep  i n  t h e  Y - d i r e c t i o n  f o r  the number o f  spectrum on a p l a t e .  I n  t h i s  

Each b lock  o f  da ta  a r e  preceded by a header which i d e n t i f i e s  t h e  p l a t e  

Scanning o f  p l a t e s  was done w i t h  a 10 x 400 micron 

mode, h a l f  o f  a p l a t e  c o u l d  be scanned a t  a t ime. A move command a 

r e l o c a t i o n  o f  t h e  microdensi tometer  t a b l e  t o  t h e  second h a l f  of  t h e  

F u r t h e r  d e t a i l s  o f  t h e  microdensi tometer o p e r a t i o n  a r e  presented i n  

Raw data  f o r  t h e  n i n e - t r a c k  tape were read i n t o  mass s to rage o 

1182-E computer l o c a t e d  a t  JSC by using FORTRAN (ASCII)  subrout ines  

1 owed 

p l a t e .  

Appendix A. 

Uni vac 

o f  NTRANJ 

and BITS. NTRANJ p rov ided t h e  i n p u t / o u t p u t  opera t ions  f rom t h e  f o r e i g n  tape 

t o  t h e  Univac mass storage. B I T S  converted t h e  32 b i t  word format o f  t h e  

D i g i t a l  PDP microprocessor  t o  t h e  Sperry Rand 36 b i t  word format ( s t o r e d  i n  

mass s to rage) .  Once sequent ia l  d e n s i t y  readings were s t o r e d  i n  mass s torage,  

f u r t h e r  p rocess ing  cons is ted  o f  l o c a t i n g  maximum d e n s i t y  versus l o c a t i o n  

(a tomic  l i n e  l o c a t i o n )  and prepar ing  p l o t s  o f  d e n s i t y  versus wavelength. 

Since l o c a t i o n s  were i n  microns,  t h e  p l a t e  c a l i b r a t i o n  equat ion  used was: 
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I 

where 

2 Y = bo + bl x +b2 x 

Y = wavelength i n  nm/100 

x = micron l o c a t i o n  - 50000 

= cent imeter  l o c a t i o n  f rom t h e  c e n t e r  o f  t h e  p l a t e  

The choice o f  c e n t e r i n g  t h e  x - l o c a t i o n  was t o  min imize e r r o r s  a t  t h e  

edges of  a p l a t e .  

squares f i t  o f  the  c a l i b r a t i o n  lamp known wavelengths versus l o c a t i o n s .  

The constants ,  bo, bl, b2, were determined by a l e a s t  

An 

example o f  a f i t  i s  shown i n  Appendix B f o r  Hg and t h e  260 nm c e n t e r l i n e .  

Actual  versus p r e d i c t e d  wavelength d i f f e r e d  by a maximum of  o n l y  0.015 nm. 

P l a t e  constants  determined by t h i s  approach a r e  shown i n  Table 2. 

B e t t e r  accuracy was achieved w i t h  t h e  microdensi tometer  than w i t h  t h e  

hand micrometer and a l lowed d e t e r m i n a t i o n  o f  unknown wavelengths t o  w i t h i n  

0.03 nm. The procedure does r e q u i r e  a known l i n e  i n  t h e  spectrum s i n c e  a 

small  o f f s e t  occurs p l a t e  t o  p l a t e .  Known a tomic  l i n e s  o f  copper, sodium, o r  

oxygen were present i n  most cases. 

P l o t s  o f  spectrum data cou ld  be accomplished by use o f  a s u b r o u t i n e  

l i b r a r y  c a l l e d  DISSPLA. Examples o f  t h e  p l o t s  generated a r e  shown i n  F igures  

2-4 and are  discussed under r e s u l t s .  Appendix C con ta ins  a l i s t i n g  o f  program 

names used t o  read and process da ta  f rom t h e  microdensi tometer .  Copies o f  

these programs are  l o c a t e d  i n  Appendix C. 
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RESULTS 

A s e r i e s  o f  s p e c t r a l  measurements made o f  t h e  shock l a y e r  and f r e e  stream 

emiss ion are  d iscussed here. 

A summary o f  measured e x c i t e d  atoms and molecules i s  presented i n  Table 

3. E x c i t e d  atomic species i d e n t i f i e d  were: oxygen, n i t r o g e n ,  copper, sodium, 

hydrogen, calcium, barium, s i l i c o n ,  potassium, and argon. E x c i t e d  molecu la r  

spec ies i d e n t i f i e d  were: 1 s t  p o s i t i v e  n i t r o g e n ,  2nd p o s i t i v e  n i t r o g e n ,  1 s t  

n e g a t i v e  iiiirogeii jN2ij' i l i t r i c  ox ide  X system, aiid OH 300.4 nrn system. 

D i  scuss i on 

E x c i t e d  atomic species such as oxygen, n i t r o g e n ,  potassium, barium, 

calc ium, copper, and s i l i c o n  were main ly  observed i n  t h e  b r i g h t  w h i t e  l i g h t  o f  

t h e  RCC puck sur face.  

t h u s  i t  i s  suspected t h a t  some o f  t h i s  l i g h t  may represent  r e f l e c t e d  l i g h t  

f rom t h e  a r c  column i t s e l f .  A continuum was a l s o  seen under these c o n d i t i o n s  

suggest ing  0- and p o s s i b l e  O2 negat ive ions.  

This  s u r f a c e  p e r p e n d i c u l a r l y  faced t h e  a r c  column, and 

- 
In  t h e  shock l a y e r  o f  t h e  RCC puck w i t h  a i r ,  e x c i t e d  s t a t e s  o f  N2 (N2 1 s t  

t and 2nd p o s i t i v e  and N2 

system. 

ground s t a t e  N molecules r a i s e d  t o  h i g h e r  energy l e v e l s  as they  passed i n t o  

t h e  h i g h  temperature shock l a y e r .  S i m i l a r l y ,  e x c i t e d  oxygen atoms a r e  

1 s t  negat ive)  a r e  r e a d i l y  observed as w e l l  as t h e  NO 

The mechanism f o r  c r e a t i o n  o f  these e x c i t e d  s t a t e s  o f  N2 was probab ly  

2 

observed i n  t h e  shock 

atoms from the  column 

molecu la r  bands o f  O2 

l a y e r .  The probably source was ground s t a t e  oxygen 

e x c i t e d  as they cross i n t o  t h e  shock l a y e r .  No 

were observed. This suggests t h a t  a l l  oxygen i s  

8 



d i s s o c i a t e d  i n  the  a r c  column. E x c i t e d  NO molecules a l s o  e x i s t e d  i n  t h e  f r e e  

stream ( a t  a lower c o n c e n t r a t i o n  compared t o  t h e  shock l a y e r )  and were probab ly  

c rea ted  i n  t h e  a r c  column. 

E x c i t e d  copper atoms, p a r t i  c u l  a r l y  those associ,ated w i t h  t h e  324.7540 and 

327.3962 nm wavelength, were p r e v a l e n t  i n  any c o n d i t i o n  i n  which N2 was present  

(copper was observed i n  t h e  f r e e  stream, shock l a y e r ,  and s u r f a c e ) ,  however, no 

e x c i t e d  copper atoms were observed f o r  c o n d i t i o n s  i n  which argon was a c a r r i e r .  

Argon probab ly  erodes t h e  anode slower than n i t r o g e n .  

F igure  2 shows a sample spectrum f o r  t h e  shock l a y e r  o f  a i r  before t h e  

RCC puck surface. 

s t r u c t u r e  o f  the 1 s t  n e g a t i v e  system o f  N2 . 
t h e  f i g u r e )  i s  t h e  band s t r u c t u r e  f o r  t h e  2nd p o s i t i v e  system o f  N2. 

The atomic copper l i n e s  a r e  pronounced a long w i t h  t h e  band 

Less pronounced ( t o  t h e  l e f t  o f  + 

Comparing F igure  3 t o  F i g u r e  4 shows an i n t e r e s t i n g  phenomenon o f  argon 

l i n e  broadening when oxygen i s  present .  Note t h a t  t h e  argon l i n e s  a r e  very  

broad i n  F igure  3 ( t h e  oxygen c o n d i t i o n )  w h i l e  i n  F igure  4 t h e y  are  q u i t e  

narrow (as  expected). The reason f o r  t h i s  i s  n o t  c l e a r  w i t h  a p o s s i b i l i t y  o f  

e l e c t r o n  d e n s i t i e s  be ing h i g h e r  when oxygen i s  present .  

E x c i t e d  atomic hydrogen and OH were observed i n  o n l y  one i n s t a n c e :  t h e  

Exis tence o f  H and OH suggests shock l a y e r  o f  t h e  RCC puck w i t h  pure argon. 

some r e s i d u a l  water i n  t h e  t e s t  chamber a t  t h e  t i m e  t h e  spec t ra  were taken. 

Some r e s i d u a l  N2 was a so seen under these c o n d i t i o n s .  

a t  260 and 380 nm g ives  t h e  bes t  example o f  t h e  2nd p o s i t i v e  N2 system ( P l a t e  

42 of t h i s  work). P l a t e ' s  photographs, annotated w i t h  species i d e n t i f i c a t i o n ,  

a r e  shown i n  Appendix D. 

Th is  spectrum centered 

9 



The bes t  example o f  NO 'd system can be seen i n  t h e  a i r  f r e e  stream 
+ 

spectrum centered a t  260 nm ( P l a t e  45). 

1 s t  p o s i t i v e  N2 systems can be seen i n  t h e  spectrum o f  t h e  N2 shock l a y e r  i n  

spectrum centered a t  380 nm, 500 nm, 620 nm and 7400 nm (P la tes  23, 24, and 

25). 

Examples o f  t h e  1 s t  negat ive  N2 and 

Spectrum o f  t h e  HRSI wedge a i r  shock l a y e r  showed two d i s t i n c t  zones 

between t h e  shock l a y e r  and t h e  sur face l a y e r .  

p o s i t i v e  N2 were seen i n  t h e  s u r f a c e  l a y e r  c l e a r l y ,  b u t  t h e y  o n l y  f a i n t l y  

appear i n  t h e  shock :ayer. 

spect rograph s l i t  was focused across bo th  l a y e r s  ( P l a t e  58, which i s  n o t  shown 

i n  Appendix D) . 

1 s t  n e g a t i v e  N2+ and 2nd 

The spectrum showed both zones because t h e  

An impor tan t  q u e s t i o n  a r i s e s ,  whi ch c u r r e n t l y  remains unresolved:  Is t h e  

s u r f a c e  composed o f  e x c i t e d  N2 molecules o r  i s  t h e  spectrum o f  r e f l e c t e d  l i g h t  

f rom t h e  a r c  column? 

suppor t  s u r f a c e  energy t r a n s f e r  mechani sms by chemical means t o  e x c i t e d  

The i m p l i c a t i o n  o f  s u r f a c e  e x c i t e d  N2 molecules would 

mol ecu l  a r  s t a t e s .  

A summary o f  

a i r  i s  shown i n  F 

e x c i t e d  spec 

gure 5. 

es observed when t h e  RCC puck was i n s e r t e d  i n  
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CONCLUSIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

1. 

2. 

3. 

4. 

Three e x c i t e d  s t a t e s  o f  N2 have been i d e n t i f i e d ,  f i r s t  p o s i t i v e ,  second 

p o s i t i v e  and f i r s t  n e g a t i v e  systems. 

E x c i t e d  NO i s  present  as t h e  8 system. 

E x c i t e d  oxygen and n i t r o g e n  atoms a r e  present .  

Contaminants observed i n c l  ude copper, sodi  um, p o t a s s i  um, b a r i  um, and 

ca l  c i  um. 

No e x c i t e d  molecu la r  s t a t e s  o f  Oi were observed. 

A second o r d e r  l i n e a r  regress ion  equat ion  i s  s u f f i c i e n t  f o r  da ta  a n a l y s i s .  

Argon i s  l e s s  severe on anode eros ion compared t o  n i t r o g e n .  

RECOMMENDATIONS 

Cont inue developing monochromatic mode o f  scanning. 

Improve o p t i c s  so t h a t  s p e c t r a  o f  p o i n t  p o s i t i o n s  can be taken. 

Take s p e c t r a  o f  t h e  a f t e r g l o w  f r o m  v a r i o u s  t e s t  a r t i c l e s .  

Determine i f  t h e  "wh i te "  s u r f a c e  l i g h t  seen on t e s t  a r t i c l e s  i s  from t h e  

s u r f a c e  o r  a r e f l e c t i o n  f rom t h e  a r c  column. 
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TABLE 2 

CALIBRATION CONSTANTS FOR PLATE WAVELENGTH CALIBRATION EQUATIONS 

P1 a t e  Equat i on : 
Y = b  + b l x + b 2 x  2 

0 
where 

Y = Wavelength i n  angstroms/100 

x = micron l o c a t i o n  - 50000 
5000 

PLATE CON STANT S 

PLATE EXPOSURE 
WAVELENGTH, cm (X10' - )  USED # 

b2 
( X l o q  

bl C ENTERL I NE 

260 2.589955 7.852731 -2.285499 32 1 . 
380 3.790448 7.485376 -1.627544 42 6 

50 0 5.001239 7.187476 -2.042028 43 1 

620 6.179126 6.824881 -2.21267 15 6 

740 7.392686 6.388521 -2.487615 31 1 

~~ ~~ 
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TABLE 3 

EXCITED SPECIES I D E N T I F I E D  

EXCITED 
ATOMS WAVELENGTH, nrn TRANSITION COND I T 

Ar/02 0 Oxygen 394.7330 

394.751 

436.8300 

532.8561 

645.607 

700.2202 

715.6380 

777.1928 

777.4139 

77 7.5433 

N Ni t rogen 491.4900 

493.5030 

517.008 ( N  11) 

518.146 ( N  11) 

528.1180 

530.9480 

535.6770 

537.2660 

566.6640 ( N  11) 

567.9560 ( N  11) 

742.3880 

5s5so-->3p 5 P 

3S3Do-->3p 5 P 

5 5 0  

5 5 0  

5 5 0  

3p P-->3S s 
3p P-->3S s 

3p P-->3S s 
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ONS’ 
Sh 
-- 

Sh 

Sh 

A i r  Su 

A r l o 2  Sh 

Ar/02 Sh 

Ar/02 Sh 

A i r  Sh 

A i r  Sh 

A i r  Sh 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

N2 Sh 

EXP. SEQ. 
NO. 

LATE ON PLATE 
32 4 

32 

30 

34 

30 

31 

31 

16 

16 

16 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

25 

4 

3 

3 

5 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 



TABLE 3 

EXCITED SPECIES IDENTIFIED (Cont inued)  

EXP. SEQ. 
EXCITED NO. 

ATOMS WAVELENGTH, nm TRANSITION CONDITIONS~ PLATE ON PLATE 
744.2560 N9 Sh 3l. 'I L J  

L 

Cu Copper 

Na Sodium 

H Hydrogen 

Ca Cal c i  um 

Ba Barium 

746.8790 

324.7540 

327.3962 

510.5541 

515.3235 

52 1.8202 

529.2517 

578.2130 

588.9953 

589.5923 

656.2790 

486.1327 

434.0465 

410.1735 

393.3666 

396.8468 

455.4042 

49 3.4086 

4 p 2 P L 4 s  2 s 
4p2P0-->4s 2 s 
4p2P0-->4s 2 s 
4d2D-->4p 2 0  P 

4d 2 D-->4p 2 0  P 

4p2P0-->4s 2 D 

18 

N2 Sh 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A i r  Su 

A r  Sh 

A r  Sh 

A r  Sh 

A r  Sh 

A i r  Su 

A i r  Su 

A i r  Sh 

A i r  Sh 

25 

33 

33 

34 

34 

34 

34 

34 

34 

34 

43 

43 

43 

42 

33 

33 

15 

15 

J 

3 

3 

3 

3 

3 

3 

3 

5 

5 

5 

3 

3 

3 

5 

4 

4 

3 

3 



TABLE 3 

EXCITED SPECIES IDENTIFIED (Cont inued)  

EXP. SEQ. 
EXCITED NO. 
ATOMS WAVELENGTH. nm TRANS I T  I O N  CONDITIONS~ PLATE ON PLATE 

S i  S i l i c o n  250.6899 A i r  Su 33 3 

251.6123 

252.8516 

288.1578 

K Potass i  um 766.4907 

769.8978 

Ne 

.- 
A 

-: 

A i r  Su 33 3 

A i r  Su 33 3 

A i r  Su 33 3 

A i r  Su 35 2 

A i r  Su 35 2 

C a l i b r a t i o n  lamps (atomic l i n e s  i d e n t i f i e d  on photographs) and argon) 

260 nm Center1 i ne Wave1 ength 

380 I' 

500 I' 

II I1 

II I1 

620 

740 'I 

II II 

II II 

380 'I 

500 ' I  

620 I' 

740 I' 

II I1  

II II 

II I 1  

It II 

A r  Sh 42 

A i r  Sh 14 

Ar/02 Sh 30 

Ar/02 Sh 30 

Ar/02 Sh 31 

A r  Sh 42 

A r  Sh 43 

A r  Sh 43 

A r  Sh 48 

6 

2 



TABLE 3 

EXCITED SPECIES I D E N T I F I E D  (Cont inued)  

WAVELENGTH, nm EXP. SEQ. 
EXCITED OF STRONGEST NO. 

ATOMS BAND HEAD TRANSITION CONDITIONS' PLATE ON PLATE 

N2 1 s t  P o s i t i v e  645.58 

750.39 

N2 2nd P o s i t i v e  315.93 V 

337.13 

+ N2 1 s t  Negative 358.21 V 

391.44 

427.81 

NO, System 247.11 

247.81 

258.55 

259.57 

V 

V 

OH 306.4 nm System 306.36 

306.72 
R 

A i r  Sh 15 3 

A i r  Sh 16 4 

3 B3 --> A 

A r  SH 42 5 3 C3 --> B 

B2 + 2 --> x 

2 A2 + --> X 

2 A2 + --> X 

' A i r  F Air Free Stream 
A i r  Sh Air Shock Layer o f  RCC Puck 
A i r  Su A i r  Surface Layer o f  RCC Puck 
A r  Sh Argon Shock Layer o f  RCC Puck 
A r / O  Argon/Oxygen M i x t u r e  
N2 S i  Nitrogen Shock Layer o f  RCC Puck 

20 

A i r  Sh 14 4 

A i r  F 45 3 

A r  Sh 42 3 



I--7 
L-J 

21 



8 
U 
u a 

Y2 

Y z 
CI 

L 

Q: 
Y 

a 

k 

- r ---r- ,~.  . . . , . . . . , - ~- 

X Z I  SN3Cl 

22 



z 
0 
U 

0 

m 
a 

4 

3 
4 

C 
0 m 
k 
4 
c 
-4 

C 
Q) 
0 
b 
X 
0 
I 
c 
c, m c 
Q) 
rl 
Q) 

Ez 
br c 
-4 
k 
Q) 

C 
Q) u 

2 

I \  -I- 

2 
0 
(v 
\o 

c, ta 
x u 
7 
PI 
u 
2 
Q) 
k 
0 w 
a 

k 
0) 

d 
x u 
0 
.G m 
w 
0 
E 
I 
k 
c, u 
Q) 
Ql tn 

n 

2 

m 
Q) 
k 
I 
0 
-4 
Frc 

23 



AI1 SN3a 

.. 

.- 

24 



RCC Puck 
Test Article 

T 
\ 

Surface Shnck Laver 
Escited 0 atoms Escited 0 atoms 

. Excited N atoms Some excited N atoms 

. Some excited N2 Excitcd N2 inolccules 
Excited NO molecules Escited NO molecules 
Excited K, Da, Na, Cu Escited Cu, Na atoms 

Si, and Ca atoms 

Air I -  Arc I--- 

Free Stream 
Excited NO molecules 

Few excited N2 molecules 

Excited Cu atoms 

Figure  5. Excited Species O b s e r v e d  When t h e  RCC Puck Test A r t i c l e  is in 
A i r  from t h e  A r c  J e t  
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APPENDIX A 

MICRODENSITCMETER DETAILS 

Location: USDA Forest  Service 
1050 Bay Area Blvd. 
Houston, TX 77058 

7 

Start-Up 
Follow l e t t e r e d  segueme of turning on equipment (Steps A-H). 

Load t ape  in bottom tape dr ive.  

From a coid start load 

Set half'down 

Enter  157744 (see p. 24 i n s t ruc t ion  manual) 

Press  Load Address 

Etiable h a l t  up 
Press  S t a r t  

Type DUDS a f t e r  30 seconds 

After  D U D S  is loaded 

Type the following commadds to  ecati a p l a t e  

Connnend 
1 TAPE-UNIT 

NEW-TAPE 

PDS Parametera 

De B cr i p t ion 

Set  lower tape  d r i v e  t o  rece ive  data 

Optional,  use when s t a r t i n g  wi th  a f r e s h  tape 

Se t s  t h e  PDS parameters 

- 

6000 UY 8 Se t s  Y s tep  of 6000 microas 

10 m Se t s  X s tep  of 10 microns 

6 5000 SIZE 
21 IO-UNIT Seta automatic command mode 

TAPE PDS P MOVE 

TAPE PARAMETERS SHOW 

Se t s  scan s i z e  of 6 lines by 5000 p i x e l s  

Mo6e PDS parameters t o  tape parameters 

Shows tape parameters 

Reset Se t  

Ut H Set 

Se t s  zero on densitometer a t  present  t ab le  pos i t io i i  

Seta upper l e f t  ae home and ho r i zon ta l  scan mode 
PLY-BACK 
SCAN Beghe  automatic scan 

Scans i n  one d i r e c t i o n  odly 
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Microdeiieitometer Adjustment 8 

The microdensitometer has a dual optical system called upper and lower 
optics. 

1. Mount plate(s) 
2. With the photomultiplier tube off, eelect eperature size sad pixel type 

for the upper and lower optical systems (both must match). 
3. 
4. 

Focus the upder and lower optics. 
Select a clear area and zero the deasity,reading as shown i n  the 

instruction manual. 
: 5. Check the density gain as shown in the instruction manual. 
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APPENDIX B 

EXAMPLE OF LEAST SQUARES F I T  OF PLATE CALIBRATION EQUATION TO KNOWN DATA 
SOURCE - PLATE 32, EXPOSURE 1 (Hg CENTERED AT 260 nm) 

2 Y = bo + bl x + b2x 

where Y = Wavelength/100 

x = (microns-50000)/5000 

ACTUAL 
DATA MICRONS WAVELENGTH, nm PREDICTED RES I DUAL 

NUMBER MEASURED (Hg ATOMIC L I N E S )  WAVELENGTH, nm nm 

n niqn 1 53970 265-2042 265.2162 ‘U. U A L U  

2 54060 265.3681 265.3569 0.0112 

3 69550 289.3595 289.3503 0.0092 

4 74380 296.7278 296.7421 -0.0143 

5 77930 302.1499 302.1477 0.0022 

6 78060 302.3476 302.3452 0.0023 

312.5585 0.0078 7 84810 312.5663 

8 85210 313.1546 313.1611 -0.0065 

C o n s t a n t s  found bv l e a s t  sauares 

.* 

- 1  

bo = 2.589955 

bl = 0.07852731 

b2 = -0.0002285499 
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APPENDIX C 

PROGRAMS USED TO READ AND PROCESS MICRODENSITOMETER DATA 

CONTROL PROGRAM 
WHICH MAPS I N  

PROGRAM AND REQUIRED 
PROGRAM DESCRIPTION SUBROUTINES 
RW. START Assign t h e  necessry da ta  f i l e s  needed 

RW.READIN 

RW. STORE 

RW.REDATA1 

RW.LOCATELINE3 

RW.FINDCONST 

RW.BRINGIN 

RW.PLOTDAT 

RW .MASTER 

RW. END 

1 

f o r  p l o t t i n g  

Reads i n  i n f o r m a t i o n  one word a t  a 
t i m e  from mass storage 

Stores i n f o r m a t i o n  one word a t  a 
t i m e  i n t o  mass s torage 

Reads da ta  from 9- t iack  tape. 
i t  i n  mass storage. 

F inds maximum i n t e n s i t y  versus m i  c ron 
( p i x e l )  l o c a t i o n  

F inds p l a t e  o f f s e t  f o r  known wave- 
l e n g t h  and micron l o c a t i o n  

Sets up spectrum data f o r  p l o t s  

P l o t s  d e n s i t y  versus wavelength o f  a 
spectrum 

Least squares f i t  o f  known wavelength 
versus m i  c ron 1 oca t ion  

Program which f rees  a1 1 assigned f i l e s  
a f t e r  a r u n  

Stores 

RW.CONTROL12 

RW.CONTROL13 

RW.CONTROL2 

RW.CONTROL11 

RW.CONTROL7 

RW.CONTROL10 

RW.CONTROL5 

RW.CONTROL 

Requires an address l o c a t i o n  i n  l O O O K  a t  t h e  p l a t e  number address, i.e., 
P l a t e  1 4 ' s  60,000 p ieces  o f  data were s t o r e d  a t  a s t a r t i n g  l o c a t i o n  o f  3,000, 
thus  mass s torage l o c a t i o n  14 had the number 3. New p l a t e s  should s t a r t  a t  
mass s to rage l o c a t i o n  1,131,000. 

.. 1 

- *  
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Example of how to create a plot of microdensitometer 
trace of plates using elements in file RW. under 
ES 3 -NO3 2 0 0 

@ADD RW. START 
DATA IGNORED - IN CONTROL MODE 
1:002333 ASG complete. 
1:002333 USE complete. 
1:002333 ASG complete. 
1:002333 USE complete. 
1:002333 ASG complete. 
1:002333 USE complete. 

1:002333 FREE complete. 
1:002333 ASG complete. 
Collector 31R2B (841126 1925:45) 1987 Aug 11 Tue 1356:54 
END MAP. ERRORS: 0 TIME : 13.838 STORAGE : 
11308/6/021777/0107377 
1:002333 USE complete. 
WHAT PLATE NUMBER IS THIS ? 

WHAT EXPOSURE DO YOU WISH TO LOOK AT ? 

WHAT IS THE STARTING PIXEL YOU WISH TO LOOK AT? 

WHAT IS THE ENDING PIXEL YOU WISH TO LOOK AT ? 

IS THE OFFSET TERM IN MASS STORAGE ? 

IS THE OFFSET TERM KNOWN ? 

IS PACKING REQUIRED? MAX # OF POINTS PLOTTED = 2500 

WHAT IS THE PACKING FACTOR ? PCKNG FCTR = # PNTS 
DIVIDED BY 2500 

DATA IS ON UNIT 7 
READY TO XQT PLOTDAT 
@@XQT RW.PLOTDAT 

Collector 31R2B (841126 1925:45) 1987 Aug 11 Tue 1357:41 
END MAP. ERRORS: 0 TIME: 1:05.201 STORAGE : 
2494 0/3 0/03 4077/ 0 127777 
WHAT WAVE LENGTH RANGE IS THIS ? 
TYPE 1 FOR 260 NM 
TYPE 2 FOR 380 NM 
TYPE 3 FOR 500 NM 
TYPE 4 FOR 620 NM 
TYPE 5 FOR 740 NM 

>@ADD RW.CONTROLl0 
DATA IGNORED - IN CONTROL MODE 

>36 

>5 

>O 

>9999 

>N 

>N 

>Y 

>4 

>@ADD RW.CONTROL5 

>2 

***continued on the next page*** 
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Continued from the previous page.... 

WHAT IS THE OFFSET TERM ? 
WHAT IS THE PIXEL STARTING POINT OF THE DATA ? 
NUMBER OF PIXELS YOU WISH TO PLOT ? 
WHAT IS THE PIXEL WIDTH ? 
PIXEL STARTING POINT 302.56349 
ENDING POINT 452.21375 
WHAT IS THE X ORIGIN AND X ENDING POINT ? 

>300 
>460 

r .  

-. 
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.................................. 

RW.START 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ES3-N03200*RW(l).START(ll) 

1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

10 . 
11 . 

RW .START 

THIS IS A CONTROL PROGRAM TO ASSIGN DATA FILES 
FOR USE IN ANY PROGRAMS RELATED TO READING 

MICRODENSITOMETER DATA FROM MASS STORAGE 

TO EXECUTE TYPE @ADD RW.START 

12 @ASG,A DATA1. 
13 @USE O.,DATAl. 
14 @ASG,T DATAIN. 
15 @USE 4.,DATAIN. 
16 @ASG,T DATAOUT. 
17 @USE 3.,DATAOUT. 

.- 
I. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.CONTROL12 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ES3-N03200*RW (1) .CONTROL12 (2) 
1 .  
2 .  
3 . RW.CONTROL12 
4 .  
5 .  
6 @PACK,PRW. 
7 @ W , N  RW.READIN 
8 IN RW.READIN 
9 LIB JSC*FTN. 

10 END 
11 @XQT RW.READIN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R W .READ IN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

D~MENSION A(ioo) 
REAL X( 100) 

RW .READIN 

THIS PROGRAM WILL READ IN DATA LOCATED IN MASS STORAGE 1 WORD ATA TIME 
THIS PROGRAM IS USEFUL FOR CHECKING STORAGE OF A NUMBER IN MASS STORAGE 

CHARACTER WORD (48) * 1,QU*1 
INTEGER NA(100) 
CALL NTRANQ (2,10,22) 
WRITE(B,*)’AT WHAT POINT DO YOU WISH T O  READ FROM ?’ 
READ(5,6)NB 

CALL NTRAN$(P,B,NB) 
WRITE(G,*)’HOW MANY WORDS DO YOU WISH TO CHECK ?’ 
READ(5,6)NW 
NW 1=4*N W 
WRITE(G,*)’IS THIS AN INTEGER,CHARACTER,REAL,OR OCTAL ?’ 
READ(5,7)QU 

7 FORMAT(A1) 
IF(QU.EQ.’I’)CALL NTRAN$(2,2,NW,NA(l),JSTAT,22) 
IF(QU.EQ.’C’)CALL NTRANS(2,2,NW,WORD(l),JSTAT,22) 
IF(QU.EQ.’R’)CALL NTRAN$(2,2,NW,X(l),JSTAT,22) 
IF(QU.EQ.’O’)CALL NTRAN$(2,2,NW,A(l),JSTAT,22) 
IF(QU.EQ.’I’) WRITE(6,8)(NA(I),I=l,NW) 

IF(QU.EQ.’C’)WRITE(6,9)(WORD(I),I=l,NWl) 

IF(QU.EQ.’R’) WRITE(G,lO)(X(I),I=l,NW) 

IF (QU.EQ.’O’) WRITE( 6 , l l )  (A( I) ,I= 1 ,N W) 

WRITE(6,’)’PRINT PROGRAM IS FINISHED’ 
STOP 
END 

6 FORMAT() 

8 FORMAT( 1X,I8) 

9 FORMAT(lX,48Al) 

10 FORMAT(lX,E14.7) 

11 FORMAT(lX,012) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.CONTROL13 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ES3-N03200*RW( l).CONTROL13(5) 

1 @PACK,PRW. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

RW .CONTROL13 

THIS IS A CONTROL PROGRAM WHICH MAPS IN REQUIRED 
INFORMATION T O  RUN RW.STORE. 

10 @MAP,N RWSTORE 
11 IN RW.STORE 
12 LIB JSCIFTN. 
13 END 
14 @XQT RW.STORE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW STORE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ES3-N03200*RW(l).STORE(lO) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

‘INTEGER N c  
C 
C 
C RWSTORE 
C 
C 
C 
C 
C OFFSETS INTO MASS STOREGE 
C 
C 
C LOCATION NUMBER 14. THIS NUMBER REPRESENTS THE LOCATION 
C 
C 
C 
cc 

THIS PROGRAM IS USEFUL FOR PLACEMENT OF PLATE 
CALIBRATION CONSTANTS, PLATE LOCATION, AND PLATE 

AN EXAMPLE IS TO STORE THE NUMBER 3 AT MASS STOREGE 

IN MASS STORAGE TIMES 1000 WHERE THE 60000 PIECES OF INFORMATION 
FOR PLATE 14 IS LOCATED. 

WRITE(6,’)’HOW MANY NUMBERS ARE YOU STORING ? ’ 
READ (5,2 1)IA 
DO 30 I=l,IA 
WRITE(G,*)’WHAT LOCATION DO YOU WISH TO STORE AT ?’ 
READ (5,21)NB 
WRITE(6,*)’WHAT NUMBER DO YOU WISH TO STORE ? ’ 
READ(5,2l)NC 

CALL NTRAN$(2,6,NB) 
CALL NTRANS( 2,1,1,NC, JSTAT,22) 
CALL NTRANS(2,10,22) 

WRITE(G,*\’PROGRAM IS FINISHED’ 
STOP 
END 

CALL NTRANS (2,10,22) 

30 CONTINUE 
21 FORMAT) 

34 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW .CONTROL2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ES3-NO3200'RW (1) .CONTROL2( 47) 
1 .  
2 .  
3 . RW.CONTROL2 
4 .  
5 .  
6 . THIS PROGRAM IS USED T O  MAP IN AND RUN 
7 . RW.REDATA1 
8 .  
9 .  

10 @MAF',N ,RW.REDATAl 
11 IN RW.REDATA1 
12 LIB JSC*FTN. 
13 END 
14 @USE l.,TAPEl. 
15 @USE 2.,DATAl. 
16 @XQT RW.REDATA1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.REDATA1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ES3-N03200*RW( 1) .REDATAl( 5) 

1 
2 c  
3 c  

CHARACTER* 1 CHRBUF(66) ,CHRID(64),QU( 1) ,CHRID2(64) 

4 C RW.REDATA1 
5 c  
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

C 
C 
C 
C 
C 
C 
C SCNNUM = SCAN NUMBER 
C CHRID = 64 CHARACTER IDENTIFIER 
C SCNVEL = SCAN VELOCITY 

THIS PROGRAM READS A 9 TRACK TAPE WITH MICRO- 
DENSITOMETER DATA STORES IT INTO MASS SOTRAGE 

C XORG =X-ORIGIN 
C YORG =Y-ORIGIN 
C SSPACX = SCAN SPACING X (MICRONS) 
C SSPACY = SCAN SPACING Y (MICRONS) 
C NUMPXL = NUMBER OF PIXELS IN A LINE 
C 

INTEGER IBUF1(32),IBUF2( 1250,7),BINVAL(5000,7) 
EQUIVALENCE (CHRBUF(l),IBUFl(l)) 
INTEGER SCNVEL,XORG,YORG,SSPACX,SSPACY ,NUMPXL,NUMLIN 
INTEGER IOUNIT,XOFSET,YOFSET,NRATIO,DRATIO,BITPIX,APSIZE 

C 
C TRY T O  OPEN A DEFINED FILE 
C 

C 
C 
C SET UP THE HEADER INTO LOGICAL FORM 
C 
C 
C READ IN THE DATA 
C 

DO 50 NC1=2,46 

WRITE( 6,27) 

CALL NTRAN$( 1,2,32 ,IBUF 1,J STAT,22) 
WRITE( 6,24) JSTAT 

24 FORMAT lX,'CHECK POINT ONE ',I6) 
12 FORMATI132) 

27 FORMAT(lX,'CHECK POINT ZERO HEADING INTO CALL NTRAN') 

C 
C CONVERSIONS 
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44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

C 
SCNNUM=BITS(IBUF 1( 1) JJ6) 
SCNVEL=SBITS(IBUF1(17),16,16) 
XORG=IBUFl( 18) 
YORG=IBUFl(19) 
SSPACX=SBITS(IBUF1(20),1,16) 
SSPACY=SBITS(IBUF1(20),16,16) 
NUMPXL=BITS (IBUF 1( 2 1) ,1,16) 
NUMLIN=BITS(IBUF1(21) ,l6,16) 
APSIZE=BITS (IBUF l(22) ,1,16) 
IOUNIT=BITS (IBUF 1 (22) ,1,16) 
BITPIX=BITS(IBUF1(29),16,16) 
DO 2 0 ,  I=1,64 
CHRID(I)=CHRBUF(I+2) 

20 CONTINUE 
C 
C RE-ARRANGE LETTERS 
C 

DO 60 I=2,64,2 

CHRID2( K) =CHRID (I) 
CHRID2(I)=CHRID (K) 

WRITE(6,14) (CHRID2(I) ,I= 1,64) 
WRITE(G,*)’IS THIS THE CORRECT PLATE ? ANSWER YES BY TYPING 0’ 
READ(5,21)IQU 
IF(IQU.NE.O)GO T O  50 

K=I-1 

60 CONTINUE 

C 
C READ I N  DATA FOR LA NUMBER OF SCANS 
C 

WRITE(6,16) 
16 FORMATflX.’HOW MANY LINES ARE ON THIS PLATE?’) 

READ (5,21jLA’ 
DO 15 L=l,LA 
CALL NTRAN$( 1,2,1250,IBUF2( 1,L) ,JSTAT,22) 

15 CONTINUE 
13 FORMAT(I32) 

C 
C 
C 

BITS IBUFl(23 ,16,16)*256)+(BITS IBUF1(24),1,16))) 
f ~ ~ ~ ~ ~ ~ ~ ~ B I T S ~ I B U F 1 ( 2 4 ~ , 1 6 , 1 6 ) * 2 5 6 ) + ( B I T S ~ I B U F 1 ( 2 5 ) , 1 , 1 6 ) ) )  
NRATIO=( BITS( IBUF1(25),16,16) *256)+( BITS (IBUFl(26) ,1,16))) 
DRATIO=( [BITS( IBUF1(26),16,16) *256) +(BITS(IBUF l(27) ,I, 16))) 

C 
C TRANSLATE RAW DATA 
C 

DO 30 L=l,LA 
DO ll,I=1,1250 

DO 10 J=1,4 
IA=( (L-1)*1250+1) 

K=(I-l)*I+J 
BINVAL(K,L)=BITS(IBUF2(I,L),((J-1)*9+1),9) 

10 CONTINUE 
11 CONTINUE 
30 CONTINUE 

C 
C PRINT OUT DATA TO A DATA FILE 
C 
C 
C WRITE HEADER 
C T O  FIRST DATA FILE 
C 

WRITE(6,17) 
17 FORMAT( lX,’IS THIS AN A, B, C, OR 0 QUADRANT’) 

READ (5,18) QU 
18 FORMAT(A1) 

WRITE(6,lS) 
19 FORMAT( lX,’NUMBER OF LINES IN THIS QUADRANT’) 

READ(5,21)LB 
21 FORMAT() 

C 
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148 

W RITE(2,14) (CHRID2 (I) ,I= 1,64) 
14 FORMAT(lX,64Al) 

WRITE( 2,22) QU 
22 FORMAT(lX,'QUADRANT ',Al) 

DO 25 L=l,LB 
DO 35 I=1,5000 
WRITE(2,23)I,BINVAL(I,L) 

23 FORMAT(lX,16,2X,I6) 
35 CONTINUE 
25 CONTINUE 

ENDFILE 2 

C 
C WRITE DATA OUT 
C T O  SECOND DATA FILE 
C 

WRITE(6,17) 
READ (5,18)QU 
WRITE( 6,lQ) 
READ (5,Zl)LC 
WRITE 2,14)( CHRID2(I) ,1=1,64) 
WRITE I 2.221QU 
LD=LC;LB ' - 
DO 45 L=[LB+l):LD 
DO 40 1=1,5000 
WRITE( 2,23)I,BINVAL( 1,L) 

40 CONTINUE 
45 CONTINUE 

@MOVE TAPE1.J 
ENDFILE 2 

50 CONTINUE 
STOP 
END 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.CONTROLl1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ES3-NO3200’RW (1) .CONTROLl1(4) 

1 . R  
2 .  
3 .  
4 . RW.CONTROLl1 
5 .  
6 .  
7 . THIS PROGRAMS MAPS AND CONTROLS RW.LOCATELINE3 
8 .  
9 .  

10 @MAF’,N ,RW.LOCATELINE3 
11 IN RW.LOCATELINE3 
12 LIB JSC*FTN. 
13 END 
14 @USE 2.,DATAl. 
15 @XQT RW.LOCATELINE3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW .LOCATELINE3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ES3-N03200*RW(1).LOCATELINE3(11) 

1 
2 CHARACTER QR(3),QS(3),Y (1) 
3 c  
4 c  
5 C RW.LOCATELINE3 
6 C  
7 c  
8 C THIS PROGRAM WILL LOCATE MAXIMUM 
9 C INTENSITY VERSUS MICRON PIXEL LOCATION 

INTEGER INTENS( 10000) ,INTEN2( 10000) 

10 c 
11 C AN EXAMPLE WOULD BE T O  @ADD RW.CONTROL11 
12 C ANSWER THE QUESTIONS AS THEY APPEAR 
13 C 
14 C OUTPUT IS ON FILE 3. 
15 C 
16 NEXP=6 
17 CALL NTRANS (2,10,22) 
18 

20 READ(5,21)LOC 
21 IF(LOC.EQ.l6.OR.LOC.EQ.25.OR.LOC.EQ.3l.OR.LOC.EQ.34.OR.LOC. 
22 1 EQ.35.OR.LOC.EQ.38)NEXP=4 
23 IF (LOC.EQ.44)NEXP=3 
24 21 FORMAT() 
25 CALL NTRAN$(2,6,LOC) 
26 
27 CALL NTRANS (2,10,22) 
28 NB=NB*1000 
29 
30 READ (5,2 1) NELOC 

32 NB=NB+LINE* 10000 
33 
34 READ(5,Pl)LPIXl 
35 NB=NB+LPIXl 
36 
37 READ (5,21)LPIX2 

39 CALL NTRAN$(2,6,NB) 
40 
41 CALL NTRANS (2,10,22) 
42 
43 READ (5,12) QS( 1) 
44 IF(QS(l).NE.Y(l))GO T O  30 

WRITE(G,*)’WHAT PLATE NUMBER IS THIS ? ’ 
19 Y (l)=’Y’ 

CALL NTRANS (2,2,1 ,NB, JSTAT,22) 

WRITE(G,*)’WHAT EXPOSURE DO YOU WISH T O  LOOK AT ?’ 

31 LINE=NEXP-NELOC 

WRITE(G,*)’WHAT IS THE STARTING PIXEL YOU WISH T O  LOOK AT? ’ 

WRITE(G,*)’WHAT IS THE ENDING PIXEL YOU WISH T O  LOOK AT ?’ 

38 NPIX=LPIXZ-LPIXl+l 

CALL NTRANS( 2,2,NPIX,INTENS( LPIX1) ,JSTAT,22) 

WRITE(G,*)’IS THE OFFSET TERM IN MASS STORAGE ?’ 
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NB=LOC*12+LINE 
CALL NTRAN$(2,6,NB) 
CALL NTRANS(2,2,1 ,NAO, JSTAT,22) 
CALL NTRANS(2,10,22) 
AOl=NAO 
NB=LOC*12+LINE+6 
CALL NTRAN$(2,6,NB) 
CALL NTRAN$(2,2,1,NAO,JSTAT,22) 
A02=NAO 
GO T O  40 

30 CONTINUE 
WRITE(6,’)’IS THE OFFSET TERM KNOWN ?’ 
READ( 5,12)QS( 1) 
IF(QS(l).NE.Y(l))GO T O  35 
WRITE(6,”)’WHAT IS THE SIDE A OFFSET TERM ?’ 
READ(5,Pl)NAO 
A O k N A O  
A02=0.0 
NB=LOC*12+LINE 
CALL NTRANS(2,6,NB) 
CALL NTRAN$(2,1, 1 ,NAO ,JSTAT ,22) 
CALL NTRAN$(2,10,22) 

11 FORMAT( lX,I6,2X,I6) 
33 CONTINUE 

WRITE(6,8)’WHAT IS THE SIDE B OFFSET TERM ?’ 
READ(5,2l)NAO 
AO2=NAO 
NB=LOC*12+LINE+6 
CALL NTRAN$(P,B,NB) 
CALL NTRAN$( 2,1,1 ,NAO, JSTAT,22) 
CALL NTRANS (2,10,22) 
GO T O  40 

35 A O k 0 . 0  
A02=0.0 

40 WRITE(6,*)’ IS PACKING REQUIRED ? ’ 
READ (5’12) QR( 1) 
IF(QR(l).NE.Y(l))GO TO 60 
WRITE(B,*)’WHAT IS THE PACKING FACTOR ?’ 
READ (5,21)NPACK 
KA=LPIXl/NPACK+l 
KK=NPIX/NPACK+KA 
DO 55 K=KA,KK 
DO 53 I=l,NPACK 
L=(K*NPACK-NPACK)+I 
INTEN2 (K) =INTENS (L) +INTEN2 (K) 

INTEN2( K)=INTENL(K)/NPACK 

NPIX=NPIX/NPACK 
CALL LOCATE(INTEN2,AOl,A02,LOC,NELOC,LPIXl, 
lLPIX2,NPACK) 
GO TO 70 

60 NPACK=l 
CALL LOCATE(INTENS,AO1,AO2,LOC,NELOC,LPIXl, 
lLPIX2,NPACK) 

53 CONTINUE 

55 CONTINUE 

12 FORMAT(A1) 
70 CONTINUE 

STOP 
END 
SUBROUTINE LOCATE(INTENS,AO1,AO2,IP,IR,IP1,IP3,IP4) 
INTEGER INTENS( 10000),N,I,IA 
REAL INCHES 
REAL A( 5),B1( S),B2(5) 
CALL NTRANS(2,10,22) 
NB=100 
CALL NTRAN$(2,6,NB) 
CALL NTRANS(2,2,5,A( 1) , JSTAT,22) 
CALL NTRAN$(2,2,5,Bl(l),JSTAT,22) 
CALL NTRAN$(2,2,5,B2(1),JSTAT,22) 
IP4=IP4*10 
WRITE 6 * ’WHAT WAVE LENGTH RANGE IS THIS 7’ 
WRITE[6:*i’TYPE 1 FOR 260 NM ’ 

39 



117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 

WRITE 6,”)’TYPE 2 FOR 380 NM ’ 
WRITEl6, * ) ‘TYPE 3 FOR 500 NM ’ 
WRITE 6,’ ’TYPE 4 FOR 620 NM ’ 
WRITE[G,’{’TYPE 5 FOR 740 NM ’ 
READ(5,G)IAV 
WRITE(3,S)IPJR 

WRITE(B,*)’WHAT IS THE MINIMUM INTENSITY YOU WISH TO PRINT OUT ?’ 
READ (5,6) ID 1 

6 FORMAT() 
AO=AOl 
DO 20 I=IPl,IP3,1 

IF(I.EQ.5001)GO T O  60 

9 FORMAT( 1XI’PLATE’,2X,I3,1X,’EXPOSURE #’,lX,12,1X,’SIDE’,lX,Al) 

28 IF(INTENS(I).LE.IDl)GO T O  20 
IF(INTENS(1) .GE.INTENS(I- 1))GO T O  30 
GO T O  20 

GO T O  25 

NCOUNT=NCOUNT+l 
GO T O  20 

30 IF (INTENS (I) .G E.INTENS (I+ 1)) G 0 T O  35 

35 IF(INTENS(I).GT.INTENS(I+l))GO TO 37 

37 IF(1NTENS (I) .GT.INTENS (I- 1)) G 0 TO 40 
K=I- (NCOUNT) /2 
INCHES=K/2540. 
N=N+l 
IA=K*IP4 
XA=( IA+AO - 50000 .) /5000. 
WAVE=A( IAV) +B 1 (IAV) *XA+B2( IAV) *XA*XA 
WAVE=WAVE*100. 
BI=IA/10000. 
WRITE( 3,12)IA,BI,INCHES ,INTENS (K) , WAVE 
GO T O  25 

N=N+l 
IA=I*IP4 

WAVE=A(IAV)+B l(IAV)*XA+B2(IAV) *XA*XA 
WAVE=WAVE* 100. 
BI=IA/l0000. 
WRITE(3,12)IA,BI,INCHES,INTENS(I),WAVE 

40 INCHES=I/2540. 

XA=(IA+A0-50000.)/5000. 

12 FORMAT(lX,’THERE IS A LINE AT’,lX,16,1X,’MICRONS’,lX . . .  . 

1 ,F4.2,1X,’CM’,lX 
1 .F6.4.1X.’INCHES’.2X.’OF INTENSITY OF’.lX.I6 . .  
1 ;lX,’WAVELENGTH’,’lX,F9.4,1X,’NM’) 

25 NCOUNT=O 
20 CONTINUE 
50 CONTINUE 

13 FORMAT(lX,’THE NUMBER OF LINES = ’J3) 
WRITE(6,lS)N 

WRITE(G,*)’END OF PROGRAM DATA IS ON FILE 3.’ 
GO T O  70 

60 AO=A02 
GO TO 28 

70 CONTINUE 
RETURN 
END 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW .CONTROL7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ES3-N03200*RW( l).CONTROL7(3) 
1 .  
2 .  
3 .  
4 . RW.CONTROL7 
5 .  
6 .  
7 . CONTROL PROGRAM T O  MAP AND RUN RW.FINDCONST 
8 .  
9 .  

10 @MAP,N ,RW.FINDCONST 
11 IN RW.FINDCONST 
12 LIB JSC*FTN. 
13 END 
14 @XQT RW.FINDCONST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW .FINDCONST 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

R E k  A( 5) ,B1( 5),B2(5) 

RW.FINDCONST 

THIS SIMPLE PROGRAM ASSISTS IN FINDING 
PLATE OFFSETS. AN EXAMPLE WOULD BE T O  
EXAMINE PLATE 23 EXPOSURE 6 (TOP LINE) 
USING LOCATELINES AND COMPARE WITH KNOWN 
WAVELENGTHS SHOWN ON PLATE 14 EXPOSURE 
6 (HG CALIBRATION) . THE OFFSET IS 
RETURN AN CAN BE STORED INTO MASS 
STORAGE BY RW .LOCATELINE3 OR RW .BRINGIN 

CALL NTRAN$( 2,10,22) 
NB=100 
CALL NTRAN$(2,6,NB) 
CALL NTRAN$(2,2,5,A( 1) , JSTAT,22) 
CALL NTRAN$(2,2,5,Bl(l),JSTAT,22) 
CALL NTRANS (2,2,5 ,B2( 1) , JSTAT,22) 
WRITE(6,*)’HOW MANY LOCATIONS ARE YOU GOING T O  CHECK ?’ 
READ(5,6)NUM 
WRITE(6,* ’WHAT WAVE LENGTH RANGE IS THIS ?’ 
WRITE(B,*]’TYPE 1 FOR 260 NM ’ 
WRITE 6,* ’TYPE 2 FOR 380 NM ’ 
WRITE[6,*{’TYPE 3 FOR 500 NM ’ 
WRITE(6,* ’TYPE 4 FOR 620 NM ’ 
WRITE(G,’{’TYPE 5 FOR 740 NM ’ 
READ(5,6)1 
DO 10 N=l,NUM,l 
WRITE(6,*)’WHAT IS THE KNOWN WAVELENGTH ?’ 

6 FORMAT() 
READ 15.6IY 

y=Y’/ido. 
X=(-Bl(I)+SQRT(Bl(I)**2-4*B2(I)*(A(I)-Y)))/(2*B2(1)) 
X=X*5000.+50000. 

WRITE 6,*)’ KNOWN X PLATE IS ’,X 
WRITE[6,*)’ WHAT IS THE MICRON LOCATION ON THE PLATE ?’ 
READ (5,6)Y 1 
UY=X-Y1 
WRITE(6,*)’0FFSET TERM ’,UY 

10 CONTINUE 
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45 WRITE(6,’)’END OF PROGRAM’ 
46 STOP 
47 END 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.CONTROL10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ES3-N03200*RW( l).CONTROLlO( 11) 

1 .  
2 .  
3 . RW.CONTROLl0 
4 .  
5 .  
6 
7 
8 
9 .  

. CONTROL PROGRAM T O  RUN 

. RW.BRINGIN A PROGRAM TO SET . U P  THE PLOT HEADER 

10 @FREE TPFS. 
11 @ASG,T TPF$.,F///JOO 
12 @MAP,N ,RW .BRINGIN 
13 IN RW.BRINGIN 
14 LIB JSC*FTN. 
15 END 
16 @USE 2.,DATAl. 
17 @XQT RW.BRINGIN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.BRINGIN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

ES3-N03200*RW(l).BRINGIN(34) 
INTEGER INTENS(10000),INTEN2( 10000) 
CHARACTER QR(3),QS(3),Y (1) 
CHARACTER PLATE( 1)*6,LINE1(6)* l,DOLL( 1) * l,TOPLIN( 1) *48 
CHARACTER SELINE( 1)*36,WORD4( 1)*4,LINE2( 1)*7 
DATA PLATEI’PLATE ’/,LINE2/’ EXP # ‘/,DOLL/’$’/ 
DATA LINEl/’l’,’2’,’3’,’4’,’5’,’6’/ 

I 
li 
C 
C RW.BRINGIN 
I 

ci 
C 
C 
C DETAILS REQUIRED TO RUN RW.PLOTDAT 
C 
C AN EXAMPLE WOULD BE TO PLOT 
C PLATE 43 EXPOSURE 5 
C 

THIS PROGRAM SETS UP HEADERS AND 

C 
WRITE(G,*)’WHAT PLATE NUMBER IS THIS ? ’ 

READ (5,2 1)LOC 
CALL NTFLAN$(2,10,22) 
NB=601 

NB=NB+INDEX 
CALL NTRAN$(2,6,NB) 

Y( l)=’Y’ 

INDEX=(LOC-14)*22 

CALL NTRAN$(2,2,12,TOPLIN( l),JSTAT,22) 
WRITEf7.14)TOPLINf 1) . ,  

14 FORM;9T A48) 
16 FORMATtA36) 
17 FORMAT(AG,A4,AG,Al,Al) 

CALL NTRAN$(2,2,9,SELINE( l),JSTAT,22) 
WRITE(7,16)SELINE( 1) 
CALL NTRAN$(2,2,1,W ORD4( 1) ,JSTAT,22) 
CALL NTRAN$(2,10,22) 

CALL NTRANS (2,6 ,LO C) 
CALL NTRAN$(2,2,1,NB,JSTAT,22) 
CALL NTRAN$(2,10,22) 
NB=NB*1000 

21 FORMAT() 
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47 
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64 
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60 
67 
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70 
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100 
101 
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106 
107 
108 
109 
110 
111 
112 
113 

WRITE(6,’)’WHAT EXPOSURE DO YOU WISH T O  LOOK AT ?’ 
READ (5,21)NELOC 

NEXP=6 
IF(LOC.EQ.l6.OR.LOC.EQ.25.OR.LOC.EQ.3l.OR.LOC.EQ.34 

1 .OR. LOC.EQ.35.OR.LOC.EQ.38)NEXP=4 
IF(LOC.EQ.44)NEXP=3 

WRITE(7,17)PLATE( 1) ,WORD4( l),LINE2( 1) ,LINEl(NELOC) ,DOLL( 1) 
NB=NB+LINE*10000 
WRITE(6,’)’WHAT IS THE STARTING PIXEL YOU WISH TO LOOK AT? ’ 
READ(5,21)LPIXl 
NB=NB+LPIXl 
WRITE(6,’)’WHAT IS THE ENDING PIXEL YOU WISH T O  LOOK A T  ?’ 
READ(5,21)LPIX2 
NPIX=LPIXP-LPIXl+l 
CALL NTRANS(2,6,NB) 
CALL NTRANS 2,2,NPIX,INTENS(LPIXl),JSTAT,22) 
CALL NTRANS[2,10,22) 
WRITE(6,’)’IS THE OFFSET TERM IN MASS STORAGE ?’ 
READ (5,12)QS( 1) 
IF(QS(l).NE.Y(l))GO T O  30 
NB=LOC*12+LINE 
CALL NTRAN$(2,6,NB) 
CALL NTRANS(2,2,1 ,NAO , JSTAT,22) 
CALL NTRANS( 2,10,22) 
A O k N A O  
NB=LOC*12+LINE+6 
CALL NTRANS(2,6,NB) 
CALL NTRANS( 2,2,1 ,NAO, JSTAT,22) 
AO2=NAO 
GO TO 40 

30 CONTINUE 
WRITE(6,’)’IS THE OFFSET TERM KNOWN ?’ 
READ (5,12)QS( 1) 
IF(QS(l).NE.Y(l))GO T O  35 
WRITE(6,’)’WHAT IS THE SIDE A OFFSET TERM ?’ 
READ(5,Ol)NAO 
A O k N A O  
A02=0.0 
NB=LOC* 12+LINE 
CALL NTRANS(2,6,NB) 
CALL NTRANS(2,1,l,NAO,JSTAT,22) 
CALL NTRANQ(2,10,22) 

11 FORMAT(lX,I6,2X,IG) 
33 CONTINUE 

‘ 

LINEzNEXP-NELOC 

WRITE(G,*)’WHAT IS THE SIDE B OFFSET TERM ?’ 
READ(5,21)NAO 
A02=NAO 
NB=LOC*12+LINE+6 
CALL NTRAN$(2,6,NB) 
CALL NTRANS (2,1,1 ,NAO, JSTAT ,22) 
CALL NTRAN$(2,10,22) 
GO TO 40 

35 A01=0.0 
A02=0.0 

40 WRITE(6,’)’ IS PACKING REQUIRED? MAX # OF POINTS PLOTTED = 
12500’ 
READ(5,12)QR( 1) 
IF(QR(l).NE.Y(l))GO T O  60 
WRITE(6,’)’WHAT IS THE PACKING FACTOR ? PCKNG FCTR = # PNTS 
1 DIVIDED BY 2500’ 
READ(5,Sl)NPACK 
KA=LPIXl/NPACK+l 
KK=NPIX/NPACK+KA 
DO 55 K=KA,KK 
DO 53 k1,NPACK 

INTENZ(K)=INTENS (L) +INTEN2( K) 

INTENZ(K)=INTENS(K) /NPACK 

NPIX=NPIX/NPACK 

L=(K*NPACK-NPACK)+I 

53 CONTINUE 

55 CONTINUE 
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WRITE(7,2 1 A 0  1 ,A02 
WRITE(7,21{LPIXl 
WRITE 7 21 NPIX 
WFUTE[7:2l{NPACK 
WRITE(7,11)(I,INTEN2(I),I=KA,KK) 
GO TO 70 

60 CONTINUE 
WRITE( 7,2 l )AO 1 ,A02 
WRITE(7,21 LPIXl 
WRITE(7,21{NPIX 
NPACK=l 
WRITE(7,Pl)NPACK 
WRITE(7,11)(I,INTENS(I) ,I=LPIXl,LPIX2) 

WRITE(6,* ‘DATA IS ON UNIT 7’ 
WRITE(6,*j’READY T O  XQT PLOTDAT’ 
WRITE(6,*)’@@XQT RW .PLOTDAT’ 

70 CONTINUE 

12 FORMAT(A1) 
STOP 
END 
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36 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.CONTROL5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ES3-N03200*RW (l).CONTROL5(21) 
1 @MAP,N ,RW.PLOTDAT 
2 IN RW.PLOTDAT 
3 LIB DISSPLAjAGEM. 
4 LIB JSCIFTN. 
6 END 
6 @XQT RW.PLOTDAT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW .PLOTDAT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ES3-N03200*RW( l).PLOTDAT(B%) 
COMPILER (PROGRAM=BIG) , (BANKED =ALL) 
INTEGER INTENS(5000) 

RW .PLOTDATA 

WITH RW.BRINGIN, THIS PROGRAM WILL PLOT MICRODENSITOMETER 
DATA ON A TEKTRONIX 4014-1 TERMINAL 

CHARACTER WORD 1*47, WORD2*31, WORD3*17,QU* 1 
REAL XARAY (2500),YARAY (2500) 
REAL A(5),B1(5),B2(5) 
CALL RED C(A,B 1 3 2 )  
WRITE(B,*)’WHAT WAVE LENGTH RANGE IS THIS ?’ 
WRITE(6,* ’TYPE 1 FOR 260 NM ’ 
WRITE(6,*{’TYPE 2 FOR 380 NM ’ 

WRITE(G,*)’TYPE 5 FOR 740 NM ’ 
READ(5,6)IAV 

6 FORMAT() 
REWIND 1 
REWIND 7 

READ(7,l.I)WORDl 

READ(7,16) WORD2 

READ(7,17) WORD3 

WRITE(6,’)’WHAT IS THE OFFSET TERM ?’ 
READ (7,6)AOl,A02 
WRITE(G,*)’WHAT IS THE PIXEL STARTING POINT OF THE DATA ?’ 
READ(7,6)IP1 
WRITE(G,*)’NUMBER OF PIXELS YOU WISH TO PLOT ?’ 
READ(7J2)IPB 
WRITE(6,’)’WHAT IS THE PIXEL WIDTH ?’ 
READ (7,12) IP4 
IP4=IP4*10 
READ (7,l l)  (INTENS(1) ,I=l,IP5) 
YORIG=O 
YMAx=200 
Y STEP=20 
XSTEP=10. 

14 FORMAT(A47) 

16 FORMAT(A31) 

17 FORMAT(A17) 

IB=IPl+IP5 - 1 
IC=IB-IPl 

AO=AOl 
DO 10 I=IPl,IB 

IBA=I*IP4/10 
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51 
52 
53 
s 4  
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

“I 
IO 

IA=(I-IP1)*IP4+IP1*10 
XA=(IA+AO-50000.)/5000. 

XARAY I Kl=XARAY I K1’ 100. 
XARAY (K)=A(IAV)+Bl( IAV) *XA+B2 (IAV) *XA*XA 

YARAY (K) =‘INTENS(K) ’ 

WRITE(B,*)’PIXEL STARTING POINT I ,  XARAY(1) 

WRITE(6,’)’ENDING POINT ‘,XARAY(K) 
WRITE(6,’)’WHAT IS THE X ORIGIN AND X ENDING POINT ?’ 
READ (5,12)XORIG ,XMAX 

10 CONTINUE 

K A B - I P l + l  

12 FORMAT() 
11 FORMAT(lX,BX,2X,IG) 

CALL TEKEGM( 480,l ,O) 
CALL SETDEV(10,lO) 
CALL PAGE(11.0,8,5) 
CALL HWROT(’AUT0’) 
CALL HWSCAL(’SCREEN’) 
CALL NOBRDR 
CALL YTICKS(5) 
CALL YAXANG(0.) 
CALL AREA2D (9.35,6.00) 
CALL FRAME 

CALL YNAME(’DENSITY’,7) 
CALL HEAD IN( W ORD 1,47,1. ,3) 
CALL HEADIN(WORD2,31,1.,3) 
CALL HEADIN(WORD3,17,1.,3) 
CALL INTAXS 
CALL XTICKS( 10) 
CALL GRAF(XORIG,XSTEP,XMAX,YORIG ,YSTEP,YMAX) 
CALL CURVE(XARAY,YARAY,IC,O) 
CALL ENDPL(0) 
CALL DONEPL 
STOP 
END 
SUBROUTINE RED C(A,B 1 ,B2) 
REAL A(S),B1(5),B2(5) 
CALL NTRANS(2,10,22) 
NB=100 
CALL NTRAN$ 2,6,NB) 
CALL NTRANS [2,2,5 ,A( 1) ,JSTAT,22) 
CALL NTRAN$(2,2,5,Bl(l),JSTAT,22) 
CALL NTRANQ(2,2,5,B2( 1) , JSTAT,22) 
RETURN 
END 

Z f i L  XWAiviE(“UVA-”-ELENGTB,~-JM’, 14) 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW .CONTROL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ES3-N03200*RW( 1) .CONTROL(25) 
1 .  
2 .  
3 . RW.CONTROL 
4 .  
5 .  
6 . RW.CONTROL IS A CONTROL PROGRAM T O  
7 . DETERMINE 2ND ORDER LINEAR LEAST SQUARES 
8 .  
9 .  

10 @ASG,T DATAIN. 
11 @ED RW.PLATE326B,DATAIN. 
12 EXIT 
13 @USE 4.,DATAIN. 
14 @MAP,N RW.MASTER 
15 IN RW .MASTER 
16 LIB J*AIMSL 
17 LIB JSC*FTN. 
18 END 
19 @XQT RW.MASTER 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW .MASTER 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 c  
3 c  
4 c  
s c  
6 C  
7 c  
8 C  
9 c  

10 c 
11 c 
12 c 
13 C 
14 C 
15 c 
16 C 
17 C 
18 C 
19 c 
20 c 
21 c 
22 c 
23 C 
24 C 
25 C 
26 C 
27 C 
28 
29 C 

ES3-N03200*RW (l).MASTER(45) 
INTEGER IX,NBR(G),IER 

RW .MASTER 

PROGRAM TO FIND PLATE CONSTANTS FOR 
A 2ND ORDER LINEAR LEAST SQUARES 
FIT  

AN EXAMPLE PLATE 32 IS SHOWN IN 
APPENDIX B 

REQUIRES FORMATTED DATA ON IN FILE 
4 RW.LOCATELINE LOCATES THE MICRONS 
WHERE THE LINES ARE LOCATED ON THE 

PLATE. 

FORMAT FILE 

so 
31 
32 
33 
34 
35 
36 
37 
38 

FIRST NUMBER - NUMBER OF CALIBRATION POINTS 

COLUMN O F  TWO NUMBERS X IN MICRONS AND 5 SIGN FIGURES + . 
AND SPACE FOLLOWED BY WAVELENGTH IN F8.4 FORMAT 

CHARACTER QU*l 

C IX NUMBER OF DATA POINTS 
C NBR 6 DIMENSION VECTOR k N U M B E R  OF VARIABLES 
C 2=NUMBER OF OBSERVATION PER VARIABLES 
C 3= NUMBER OF OBSERVATIONS IN THE SUBMATRIX X= 
C MAKE THIS EQUAL T O  NBR(2) 
C 4=1 (DEALING WITH ONLY ONE SUBMATRIX) NBR(5)=1 
C IF NBR(5)=O MEANS YOU SUPPLY THE MEANS 

C IER ERROR PARAMETER 
C NBR(6)=1 ELSE NBR(6)=O RETURNS VARIANCE-COVAR MATRIX 
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. -  

- *  

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
55 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
76 

c! - 
REAL X(25,3),TEMP(3),XM(3) ,VCV(6) ,ANOVA( 14) ,B(3,7) 

REAL VARB(3) 
C - 
C X MATRIX OF VARIABLES SET UP AS X,X**2,Y WHERE X 
C IS MEASUREMENT IN INCHES OR MICRONS AND Y IS THE KNOWN 
C WAVELENGTH 
C 
C TEMP ARRAY WHICH CONTAINS MEANS WHEN SPECIFIED 
C XM ARRAY WITH MEANS OF DATA 

C ANOVA OUTPUT VECTOR OF RLMUL 
C B OUTPUT VECTOR OF RLMUL B(1,l) CONTAINS THE PARAMETER 
C ESTIMATES 
c VARB 
C 

C VCV ARRAY WITH SUMS OF SQUARES CROSS-PRODUCTS 

I u 
C CALL THE READ IN PROGRAM REQUIRES FORMATTED DATA 
C 

C 

CC IX NUMBER OF DATA POINTS EQUALS NUMBER OF ROWS 
C 

C 
C CALL T O  IMSL ROUTINE TO MAKE UP SUMS OF SQUARES MATRIX 
C 

CALL RED(X,NBR) 

13 FORMAT(I2) 

IX=25 

CALL BECOVM(X,IX,NBR,TEMP,XM,VCV,IER) 

N=NBR(2) 
M=2 
IB=3 

ALFA=O.O5 

12 FORMAT(lX,6El4.7) 

C 
C IMSL SUBROUTINE TO FIND PARAMETERS B(1) 
C . _  - 

76 
77 c 

CALL RLMUL( VCV,XM,N,M,ALFA,ANOVA,B ,IB ,VARB ,IER) 

78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

C WRITE REGRESSION COEFFICIENTS 
C 

WRITE(6,14)B(S,l),B(l,l),B(2,1) 
14 FORMAT(’ INTERCEPT ’,E14.7,’ X COEFF ’,E14.7,’ Y COEFF ’,E14.7) 

C 
C CALL PROGRAM T O  CALCULATE UNKNOWN WAVELENGTHS 
C 

C 
C RESIDUAL CALCULATION 
C 

CALL UNKNOW(B) 

WRITE(6,16) 

READ (5’17)NRES 

IF(NRES.NE.O)GO TO 20 

16 FORMAT(’ DO YOU WISH TO CALCULATE RESIDUALS TYPE 0 IF YES’) 

17 FORMAT(I1) 

C 
C RE-READ X AND Y DATA 
C 

CALL RED(X,NBR) 
WRITE(6,19) 
DO 20 I=l,NBR(2) 
YH=B(S,l)+B( l,l)*X(I,l)+B(2,1)*X(I,2) 
YH=YH* 100. 
X(I,S)=X( 1 3 )  * 100. 
RES=X(I,3)-YH 
WRITE(6,18)I,X(I,3),YH,RES 

18 FORMAT(lX,12,2X,’RESIDUAL’,lX,3F9.4) 
19 FORMAT( 15X,’ACTUAL1,4X,’PREDICTED’,1X,’RESIDUAL’) 
20 CONTINUE 

WRITE(G,*)’DO YOU WISH TO STORE THESE CONSTANTS IN MASS STORAGE ?’ 
READ( 5,22)QU 

22 FORMAT(A1) 
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111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 

IF( QU.EQ.’Y’)CALL STOR(B(3,l) ,B( l,l)’B(2,1)) 
STOP 
END 

C 
C 
C SUBROUTINE FOR READING IN DATA FORMATTED 

C 
SUBROUTINE RED (X,NBR) 

DIMENSION X(25,3),NBR(6) 
REWIND 4 

NBR( 1)=S 
READ 4,10)NBR(2) 
NBR(3\=NBR(2) 
NBR 4 =1 
NBR[5]=1 
NBR(6)=I 
DO 100 I=l,NBR(2) 
READ (4,1l)X(I,l) ,X(I,3) 

X(I,3)=X(I,3)/100. 
X(I,1)~(X(I,1)-50000.)/5000. 

X(I,2)=X(I,l) *X(I,l) 
100 CONTINUE 
10 FORMAT(I2) 
11 FORMAT(F6.0,1X,F8.4) 

RETURN 
END 

C 
C 
C 
C SUBROUTINE FOR CALCULATING THE UNKNOWN Y 
C 
C 

SUBROUTINE UNKNOW(B) 
DIMENSION B(3,7) 
WRITE(6,B) 

READ (5,l l)  N 
DO 100 I=l,N 
WRITE(6,lO) 

READ(5,ll)X 

8 FORMAT(’ NUMBER OF UNKNOWNS’) 

10 FORMAT(’ MICRONS MEASURED’) 

11 FORMAT() 
X=(X-50000.)/5000. 
Y=B( l,l)*X+B(2,1)*X*X+B(3,1) 
Y=Y * 1000. 
WRITE(6J2)Y 

12 FORMAT(’ WAVELENGTH IS ’,F10.4 JX,’ NM’) 
100 CONTINUE 

WRITE(6,lJ) 
13 FORMAT(’ END OF INPUT’) 

RETURN 
END 

C 
C SUBROUTINE T O  STORE CONSTANTS IN MASS STORAGE 
C 

SUBROUTINE STOR(A,Bl,B2) 
WRITE(6,’)’WHAT WAVE LENGTH RANGE IS THIS ?’ 
WRITE(B,*)’TYPE 1 FOR 260 NM ’ 
WRITE(G,*)’TYPE 2 FOR 380 NM’ 
WRITE(6,’)’TYPE 3 FOR 500 NM’ 
WRITE(G,*)’TYPE 4 FOR 620 NM’ 
WRITE(G,*)’TYPE 5 FOR 740 NM’ 
READ (5,6)I 
NB=I+99 
CALL NTRANS (2,10,22) 
CALL NTRAN$(2,6,NB) 
CALL NTRANQ(2 , l , l ,A, JSTAT,22) 
CALL NTRANS 2,6,4) 
CALL NTRANS[2,1,1,B 1, JSTAT,22) 
CALL NTRAN$(2,6,4) 
CALL NTRANS (2,1,1 ,B2, JSTAT,22) 
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183 6 FORMAT() 
184 RETURN 
185 END 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RW.END 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ES3-N03200*RW( 1) .END(2) 
1 .  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
is 

. RW.END 

. 

. 

. PLATEDATA 

THIS CONTROL PROGRAM FREES ALL DATA FILES USED 
IN PLOTTING AND WORKING WITH MICRODENSITOMETER 

@FREE DATA1. 
@PACK,P RW. 
@FREE DATAIN. 
@FREE DATAOUT. 

. -  

. .. 

51 



APPENDIX D 
PHOTOGRAPHS OF SPECTRAL PLATES ANNOTATED WITH SPECIES I D E N T I F I C A T I O N  
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Spectra - -  o f  Pure N i t rogen  

Shock Layer -- 

Arc J e t  Cond i t i ons  : 

Date 25 June 1984 

Run Numbers AC 881 t o  883 

Current 1,000 amps 

Vol t age  1,515 v o l t s  

Power 1.515 MW 

Gas Flow Rate 0.0454 kg/sec n i t r o g e n  
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PLate 23 PLate 23 
5r;Py;e 3 -- *1 

- Cu 327.5962 

- Cu 324.7540 Plate 2 3  
N2-Shock Layer 

Wavelength Range 
240-450 nm 

N2(+2) 
315 92 - ( 1 , d )  

R 25 J u n e  1984 - 
- = - N2(2+) 
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late 25 !BE::: 

Plate 25 
N2-Shock Layer 

Wavelength Range 
670-810 nm 

25 June 1984 
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Spectra of  Pure N i  t rogen - -  

Free Stream -- 

Arc Jet  Condit ions: 

Date 25 June 1984 

Run Number AC 880 

Current 1,000 amps 

Voltage 1,515 v o l t s  

Power 1,515 MW 

Gas Flow Rate 0.0454 kg/sec n i t rogen  
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Spectra o f  Pure Argon - -  

Shock 

Arc J e t  Cond i t ions :  

Date 5 J u l y  1984 

Run numbers AC 893 t o  894 

Cur r e n t  1,000 amps 

Voltage 590 v o l t s  

Power 0.59 MW 

Gas Flow Rate 0.0727 kg/sec argon 
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Plate 42 
Ar (+N2 Contam.) 
Wavelength Range 

240-450 nm 
. 5 July 1984 

Hg 253.6519 

Hg 248.2721 
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Ar R7.2936 

. -  

Plate 44 
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Spectra - o f  Argon-Oxygen M i x t u r e  

Shock Layer -- 

Arc Jet Condit ions: 

Date 28 June 1984 

Run Number AC 886 

Current 1,000 amps 

Voltage 535 v o l t s  

Power 0.535 MW 

Gas Flow Rate 0.03732 kg/sec argon 

0.00814 kg/sec oxygen 
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Plate 32 
02-Ar Shock Layer 
Wavelength Range 

240-450 nm 
28 June 1984 
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e m.am - - - 
02-Ar Shock 
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A r  772.3760 - -IRIW- 

A r  763.5105- 

A r  738.398OC 

am 

A r  727.2936- 

A r  714.7041- 

- - Ne 748.8872 

-- Ne 724,5167 

?,"Ne 717.3939 - 

- Ne 705.9109 

i . Ne 692.4468 
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Spectra o f  Air (N2 & 0 2 )  

Surface 

- -  

Arc Jet Condit ions: 

Date 28 June 1984 

Run Number AC 887 

Current 1,000 amps 

Voltage 1,430 v o l t s  

Power 1.43 MW 

Gas Flow Rate 0.0355 kg/sec n i t rogen  

0.0105 kg/sec oxygen 
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Plate 33 
Air-Surface 

Wavelength Range 

I27f962 
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Cu 578.213 

i 235:2558 
0 532.8561 

Cu 521.8202 

Plate  3 
Air-Sur 

Wavelength Range 
430-690 nm 

28 June 1984 
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Plate 35 
Air-Surface 
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28 June 1984 
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Spectra o f  Air - -  

Shock Layer -- 

Arc Je t  Conditions: 

P1 a tes  

14 t o  16 

Date 19 June 1984 

Run Numbers AC 874 t o  875 

Current 1,000 amps 

Voltage 1,420 v o l t s  

Power 1.42 MW 

Gas Flow Rate 0.0355 kg/sec n i t rogen  

0.0105 kg/sec oxygen 

P1 a t e s  

36 t o  38 

28 June 1984 

AC 887 

1,000 amps 

1,430 v o l t s  

1.42 MW 

0.0355 kg/sec n i t rogen  

0.0105 kg/sec oxygen 
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Plate 16 RB8s:z*4 * 
-- 
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Plate 16 
Air-Shock Layer 
Wavelength Range 

670-810 nrn 
19 June 1984 

7 2 62 (4.1) 
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Air-Shock ayer 
Wavelength Range 
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28 June 1984 
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Spectra o f  A i  r - -  

Free Stream -- 

Arc Jet Condit ions: 

Date 5 July 

Run Number AC 895 

1984 

Current 1,000 amps 

Voltage 1,475 v o l t s  

Power 1,475 MW 

Gas Flow Rate 0.0553 kg/sec 

0.0175 kg/sec 

n i  t rogen 

oxygen 
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Plate 46 
Air-Free  S t V  

430-690 pu6i" 
5 July 19@6 

Wave1engt;h 
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